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The results presented in this study indi-
cate that the initial round of nucleosome 
loss is required but is not sufficient for 
full transcriptional activation at Hsp70. 
Thus, it is clear that factors that block 
transcription elongation, such as nega-
tive elongation factor (NELF) and the 
regulation of RNA polymerase pausing 
at heat shock genes, still have a critical 
role in heat shock gene activation. How-
ever, this study provides a framework 
with which to consider nucleosome loss 
across the open reading frame as a cue 
that provides the initial impetus for high 
levels of transcription by RNA polymerase 
II. Although it is generally considered that 
this type of mechanism may only be used 
by genes that are highly transcribed and 
rapidly induced, it will be interesting to 
determine how widely PARP and GAF 
are required for gene activation, as well 
as whether nucleosome loss prior to tran-
scription may be a feature of other genes, 
especially those regulated by pausing of 
RNA polymerase II.
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Cell motility requires actin assembly mediated by Rac, a Rho family GTPase. In this issue, 
Palamidessi et al. (2008) show that Rab5-directed trafficking of Rac to the cell membrane is required 
for Rac-mediated actin assembly. Trafficking of Rac may influence the mode of cell migration 
during morphogenesis and cancer metastasis.Beyond its well known role in regulating 
cell proliferation, growth factor signaling 
can also induce cell migration, including 
the morphogen-directed migration of 
cells during development (Jekely et al., 
2005). Such signaling is modulated by 
the internalization of activated growth 
factor receptor tyrosine kinases (RTKs) 
from the cell surface, a process that has 
been linked to membrane ruffling after 
activation of the Rho family GTPase 
Rac. Rac is a downstream target of RTK 
signaling and a key coordinator of the 
actin assembly required for cell motility. 
In this issue, Palamidessi et al. (2008) 
suggest that RTK-mediated Rac activa-
tion could lead to directed cell motility 
through vesicular transport that controls 
the movement of active Rac between 
the plasma membrane and early endo-
somal vesicles. They further propose 
that to maintain active Rac in a spatially 
restricted manner, the cell regulates Rac 
by an endosomal recycling pathway 
involving the small GTPase Rab5 and a 
Rac guanine nucleotide exchange factor 
(RacGEF), Tiam1. This study sheds new 
light on how we think about the spatial 
restriction of Rac activation and hence 
directed cell migration.
Rac is active when bound to GTP and 
inactive when the GTP is hydrolyzed to 
GDP. These states are tightly regulated 
by two interdependent cycles. Guanine 
nucleotide exchange factors (GEFs) acti-
vate Rac by catalyzing the loading of 
GTP, whereas GTPase-activating pro-
teins (GAPs) inactivate the enzyme by 
promoting GTP hydrolysis. The associa-
tion of Rac with membranes is reversible 
and is regulated by its interaction with 
guanyl dissociation inhibitors (GDIs). 
When GDI binds to Rac, it blocks Rac 
activation and association with mem-
branes; activated Rac dissociates from 
the GDI complex and becomes targeted 
to the plasma membrane. When Rac is 
activated through GEF activity, it induces 
sheet-like membrane protrusions at the 
cell periphery that are termed lamellipo-
dia. Under certain conditions in a sub-
set of cell types, RTK and Rac activation 
induces circular dorsal ruffles (CDRs), 
lamellipodia-like membrane protrusions 
in a circular pattern on the dorsal surface 
of the cell (Figure 1, inset). Within min-
utes after RTK activation, CDRs form and 
contract into the cell, selectively taking 
the RTK with them and leading to large-
scale downregulation of RTKs (Orth et 
al., 2006). The interplay between differ-
ent modes of RTK internalization such 
as that mediated by CDRs and clathrin-
mediated endocytosis influences spatial 
as well as temporal aspects of cell motil-
ity driven by growth factor signaling.18 Cell 134, July 11, 2008 ©2008 Elsevier Inc.
The formation of CDRs has previously 
been implicated in directed cell motility 
(Buccione et al., 2004), but little is known 
about its precise function. Several actin-
associated and endocytic proteins are 
uniquely important for the formation of 
CDRs, including cortactin, dynamin, 
N-WASP, and Rab5, a GTPase essential 
for the formation of endocytic vesicles 
(Buccione et al., 2004; Orth et al., 2006). 
Using cultured HeLa cells to study the 
formation of CDRs and peripheral ruf-
fles, Palamidessi et al. now implicate 
Rab5 in Rac trafficking and regulation 
of Rac activity for cell motility (Figure 1). 
The authors show that in cultured HeLa 
cells, either ectopic Rab5 expression 
or treatment with hepatocyte growth 
factor (HGF) could induce the forma-
tion of CDRs and peripheral ruffles via 
Rac activation. Surprisingly, the authors 
observed that Rac is recruited to Rab5-
induced endosomes also harboring the 
Rac GEF Tiam1, which is thought to be 
responsible for activating Rac (Figure 
1). But how can the endosomal system 
induce the formation of plasma mem-
brane-associated actin structures?
To drive or reinforce the formation of 
actin protrusions in a specific region of 
a cell, Rac activation must be spatially 
regulated. Palamidessi and colleagues 
showed that trafficking of Rac in endo-
somal vesicles to and from the plasma 
membrane is required for efficient Rac 
activation. Inhibition of endocytosis in 
HeLa cells by depletion of clathrin-coated 
pits or expression of a GTPase-deficient 
form of dynamin inhibited Rab5-depen-
dent Rac activation and ruffle formation. 
Rac trafficking from the plasma mem-
brane to endocytic vesicles contain-
ing Rab5 and Tiam1 thus seems to be 
required for continued Rac activation, 
although it remains unclear whether the 
active Rac on Rab5 endosomes comes 
exclusively from cell surface-internalized 
Rac or whether there is also recruitment 
of cytoplasmic Rac from Rac-GDI com-
plexes. To enable localized execution of 
Rac function, the internal pool of activated 
Rac GTP must be transported back to 
the plasma membrane to specific sites of 
high actin activity. The authors show that 
Rac-containing vesicles are transported 
toward ruffles in the plasma membrane. 
The targeting of vesicles back to the 
plasma membrane is accomplished by figure 1. spatially Restricted Rab5-Dependent Rac Trafficking to sites of Actin Polymerization
Hepatocyte growth factor (HGF) receptor activation leads to induction of circular and peripheral ruffles in 
HeLa cells and internalization of the HGF receptor tyrosine kinase (RTK). Palamidessi et al. (2008) show 
that clathrin-mediated internalization of growth factor RTKs is required for Rac activation and functions 
in a Rab5-dependent manner. (1) Endocytic vesicles containing Rab5 and Rac form after RTK activation 
(Rac may be derived from either the plasma membrane or the cytoplasm). (2) Rac is activated by its 
guanyl exchange factor (GEF) Tiam1 on Rab5 vesicles. (3) The small GTPase Arf6 targets activated Rac 
to specialized plasma membrane areas (such as ruffles) with high actin activity. This pathway for directed 
Rac activation may induce directed cell migration and may be important for cell motility during develop-
ment and metastasis. Activated RTKs also may be internalized at sites of circular dorsal ruffles. The fate 
or signaling status of these receptors is largely unknown (?). The inset shows a mouse embryonic fibro-
blast making a dorsal ruffle in response to treatment with platelet-derived growth factor. Cell is stained 
for actin cytoskeleton components: Arp2/3 subunit p34-Arc (red), Arp2 (green), and F-actin (blue). Photo 
courtesy of J.A. Legg.the small GTPase Arf6 (Figure 1). Arf6 
has previously been implicated in Rac 
trafficking (Radhakrishna et al., 1999), 
and Palamidessi et al. now show that it 
is required for the targeting of Rab5-Rac 
vesicles to the plasma membrane. Arf6-
mediated trafficking of vesicles is known 
to be responsible for recycling of certain 
receptors, such as the β1 integrins, to 
the plasma membrane (D’Souza-Scho-
rey and Chavrier, 2006). It will be impor-
tant to determine whether Arf6 specifi-
cally targets its Rac and integrin cargoes 
to growing actin-rich cell protrusions, as 
has been observed for another GTPase, 
Rab25 (Caswell et al., 2007).
Having demonstrated that Rab5 endo-
cytic trafficking of Rac is linked to directed 
migration, the authors speculated that 
this regulation by Rab5 may play a role 
in the migration of cancer cells during 
metastasis. Metastatic cancer cells are Cell 134, July 11, 2008 ©2008 Elsevier Inc. 19
thought to be mesenchymal-like cells 
that, having undergone an epithelial-to-
mesenchymal transition, are more likely 
to migrate. However, cancer cells may 
also show amoeboid-like motility when 
mesenchymal-like movement is blocked 
(Wolf and Friedl, 2006). Rac is required 
in the mesenchymal mode of motil-
ity but not apparently in the amoeboid 
mode. The authors found that Rab5 is 
also required for mesenchymal motility, 
implying that Rab5-regulated trafficking 
of Rac is involved in this type of move-
ment. Palamidessi et al. propose that 
Rab5 can control conversion between 
amoeboid and mesenchymal migration. 
Expression of Rab5 in cultured mela-
noma cells, a model for amoeboid motil-
ity, induced a change from amoeboid to 
a more mesenchymal-like morphology 
and movement. Conversely, inhibition of 
Rab5 in cultured colon carcinoma cells, a 
model for mesenchymal motility, resulted 
in a switch to a more amoeboid-like mor-
phology and motility. Most intriguingly, 
Rab5 seems to also play a role in nor-
mal cell migration because the authors 
observed a requirement for Rab5 in vivo 
in the guidance of primordial germ cell 
migration during zebrafish development.
The work by Palamidessi and col-
leagues establishes a requirement for 
Rab5-dependent endocytic trafficking 
in Rac activation and raises many new 
questions. For example, do amoeboid 
and mesenchymal migration behav-
iors correlate with the ability to induce 
CDRs after RTK activation? Also, a pre-
vious study showed that in response to 
a growth factor gradient, CDRs form in 
a polarized fashion toward the stimulus 
and generate a tubovesicular network 
(Orth et al., 2006). Could a Rab5-RacGTP 
endomembrane system activated by 
receptors internalized at CDRs be the 
localized secretory pathway that delivers 
actin-associated proteins to the cellular 
protrusions? Clearly, there is much yet 
to learn about the induction of this Rac-
Rab5 trafficking circuit and how it may 
control the balance between growth fac-
tor signaling and cell shape, migration, 
and polarity.
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Plasmodium falciparum, the protozoan 
parasite that causes the most deadly 
form of malaria, provides one of the 
most sophisticated examples of host cell 
manipulation by an intracellular patho-
gen. This parasite is a unicellular eukary-
ote that invades host erythrocytes and 
resides within a parasitophorous vacu-
ole. It profoundly alters the host cell (Fig-
ure 1), for example, rendering the host 
cell rigid and spherical. Within the cell, 
P. falciparum induces the formation of 
membrane-bound organelles, including 
a tubulo-vesicular network linked to the 
parasitophorous vacuole as well as flat 
lamellar membranes located beneath the 
erythrocyte plasma membrane called 
Maurer’s clefts. A variety of parasite 
proteins are exported from the parasito-
phorous vacuole into the host cell milieu. 
Some of these proteins are expressed at 
the host cell surface, including PfEMP1 
(P. falciparum erythrocyte membrane 
protein 1), which is displayed on parasite-
induced protuberances called knobs 
(see SnapShot by A. Scherf et al. in this 
issue). PfEMP1 enables infected erythro-
cytes to bind to endothelial cells of host 
capillaries, leading to their sequestration 
in the peripheral vasculature and thus 
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The virulence of the malaria parasite Plasmodium falciparum is mediated by parasite proteins 
exported to the surface of infected erythrocytes. In this issue, Maier et al. (2008) report a screen 
of malaria parasite genes predicted to be involved in parasite protein export and trafficking 
within the host erythrocyte and discover that many more than expected are essential for parasite 
survival in vitro.
